INTRODUCTION 70
The prevalence of hypertension has increased dramatically in the past two decades among adults in
Follow-up assessment and outcomes 123
Between April 2008 and July 2009, we conducted a follow-up assessment in those eligible for this 124 study 30 . Participants were re-contacted and written informed consent was obtained if they were 125 enrolled in the initial study at no later than three months of age and completed at least 12 months of 126 longitudinal follow-up. This round consisted of a socioeconomic survey, anthropometric and blood 127 pressure measurements. The socioeconomic survey explored housing condition, food access, 128 maternal and paternal education and living accommodations. Height was measured to the nearest 129 BMI for age (BAZ) z-score at follow-up was calculated using the 2007 WHO 137 anthropometric reference for children and adolescents 31 , standardized for individuals aged 5 to 19. 138
Socioeconomic survey data was used to adjust for socioeconomic status (SES). Maternal education 139 and number of people per room in 2008 were used as proxies of socioeconomic deprivation, long-140 term and current SES respectively. We defined deprived SES as participants whose mothers did not 141 receive education beyond primary school and homes with a concentration of greater than 3 people 142 per room of a residence. 143
The outcomes of interest were systolic and diastolic blood pressure, waist circumference and 144
WHR. 145

Biostatistical analysis 146
Data were analyzed in two stages, as described in greater detail elsewhere 30 . In the first stage, we 147 estimated the longitudinal prevalence of diarrhea as the prevalence of diarrhea days in the first year 148 of life multiplied by 100. We then estimated the slopes of change for LAZ and WLZ in infancy as a 149 function of age and sex using a random-effects model 32 while adjusting for longitudinal prevalence 150 of diarrhea, at each monthly data point in infancy, to account for growth variations due to infection. 151
In exploratory analyses, we found the change in LAZ per month of age to be relatively linear, while 152 WLZ growth consistently had two slopes with an inflexion at ~6 months of age. Therefore, we 153 summarized growth in LAZ using a single slope and WLZ in infancy using two slopes, one from 0 154 to 5 months of age, and another from 6 to 30 months, identified as infancy and early childhood. The
In the second stage, we used a sequence of multiple linear regression models to assess the 158 influence of growth in infancy and early childhood on the outcomes of interest. These analyses 159 were performed independently for LAZ and WLZ in infancy. We used the following regression 160 models: Model 1 adjusted for sex, age at the time of follow-up, and socioeconomic deprivation; and 161
Model 2 adjusted for the variables in model 1 as well as adolescent BAZ and current height. 162
Adjustment for adolescent BAZ addressed any growth that occurred in between the end of serial 163 measurement in infancy and the follow-up visit. Additionally, we adjusted for current height to 164 minimize overestimating the influence of our exposures of interest, LAZ and WLZ at birth and the 165 rate of change in each during infancy, due to its strong correlation to blood pressure. 166
Additionally, we stratified growth rates in tertiles and compared the mean blood pressure 167 values for each tertile. All analyses were performed using STATA version 9.2 (STATA Corp., 168
College Station TX). 169
Ethics 170 the follow-up study.eligible participants (Figure 1) . We found no differences in early change in height (p=0.387) or 181 weight (p = 0.834), maternal height (p=0.172), the percentage of households without sewage 182 connection (p=0.077) or in the type of house flooring (p = 0.860) between the 147 participants who 183 completed follow-up and the remaining 49 (25%) participants of the original cohort that met 184 inclusion criteria but did not participate in the follow-up assessments. 185 Table 1 shows summarized characteristics of the participants. Average age at enrollment for 186 the group was 13.4 days and duration of diarrheal surveillance was 24.7 months. During the initial 187 study in 1995, 46.9% of participants were stunted at some point in infancy. Rates of underweight 188 and overweight were 5.5 and 57.2%. The rate of stunting at follow-up was 13.6%, while 1.4% and 189 10.2% were underweight vs. overweight, respectively. 190
Relationship between early growth and blood pressure in adolescence 191
We first examined the association between growth rates early in development and adolescent blood 192 pressure. Table 2 shows the results of our multivariable regression of growth during development 193 on adolescent blood pressure. Neither LAZ at birth nor change of LAZ was significantly associated 194 with blood pressures measures in adolescence (Table 2 ). WLZ at birth showed a borderline 195 significant association with systolic blood pressure, but none with diastolic blood pressure. The rate 196 of change measures for WLZ were significantly associated with systolic blood pressure at follow-197 up when adjusted for adolescent BAZ and height, with increased growth predicting decreased 198 adolescent blood pressure. For each 0.1 SD increase in WLZ from 0 to 5 months of age, and 1 SDincrease from 6 to 30 months of age, adolescent systolic blood pressure decreased by the order of 200 1.3 mm Hg and 2.5 mm Hg, respectively. When analyzed growth rates by tertiles, there was no 201 evidence of an association with blood pressure (data not shown). 202
Relationship between early growth and central adiposity in adolescence 203
We next examined the influence of variable growth rates in infancy on adolescent central adiposity. 204 LAZ at birth and rate of change in LAZ in infancy were strongly associated with adolescent waist 205 circumference in multivariate regression unadjusted for adolescent body parameters (see Model 1 in 206 Table 3 ). Each 1 SD increase in LAZ at birth was associated with a 3 cm increase in waist 207 circumference, and each 1 SD per month increase in LAZ from 0-30 months of age was associated 208 with a 1.8 cm increase in waist circumference. However, when adjusted for adolescent BAZ and 209 height, these associations became attenuated. Neither LAZ at birth nor rate of change in LAZ in 210 infancy was associated with WHR. 211
Similarly, WLZ at birth was positively associated with both waist circumference and WHR 212 prior to adjustment, but these estimates attenuated once adjusted for BAZ and height. The rate of 213 change in WLZ in early and late infancy was also positively associated with waist circumference 214 and WHR prior to adjustment for adolescent body size. However, after adjustment, these 215 relationships with adolescent adiposity became inversed and significant, with more rapid growth in 216 infancy associating with a smaller waist circumference in adolescence. 217
Our longitudinal study aimed to assess the effects of early growth on adolescent blood pressure and 219 central adiposity by taking advantage of serial measurement of anthropometric indicators, with data 220 accruing monthly for a period of up to 30 months, and thus overcoming limitations posed by single 221 ascertainment of birth weight or modeling techniques that approximate growth patterns. We found 222 increased rates of weight gain in infancy were strongly associated with decreased systolic blood 223 pressure and waist circumference at adolescence. Weight gain in early and late infancy, 224 respectively, predicted decreases in systolic blood pressure of 1.3 and 2.5 mm Hg, and decreases in 225 waist circumference of 0.6 and 1.2 cm. This is consistent with findings observed in a population of 226 Filipino adolescent males 10 where increased weight gain from 0 to 2 years of age resulted in 227 decreased odds of high adult blood pressure in males. The magnitude of the decrease in blood 228 pressure observed in this study, via improved weight gain during infancy, is equivalent to that 229 achieved via resource-intensive community-based lifestyle interventions in Pakistan 33 . 230
The public health implications of these findings are substantial given that blood pressure in 231 teens has been found to track into adulthood. The magnitude of reductions in blood pressure 232 observed in our cohort could be linked to significant gains in terms of cardiovascular disease 233 outcomes. In a meta-analysis of 61 prospective observational studies of blood pressure and vascular 234 disease in adults, for each 2 mm Hg decrease in systolic blood pressure, to a minimum of 115 mm 235 Hg, stroke mortality and cardiovascular mortality decreased by 10% and 7%, respectively 34 . 236
Our findings contrast with recent reports from Belarus 35 and the United Kingdom 20 in which 237 growth from birth was associated with increases in blood pressure in childhood and at early 238 adolescence, respectively. Their findings from settings with advanced child health outcomes, e.g. 239 low rates of stunting and child mortality, may indicate that, in healthy infants, increased rates of 240 early growth pose increased cardiovascular risk as there is less need for compensatory growth 241 following growth delays and stunting, both commonly encountered in the developing country 242 settings. On the contrary, additional evidence from other similar resource-poor settings aligns withour observations. Albeit weak, hospital admissions due to diarrhea during the first year of life have 244 been linked to high blood pressure in childhood 36 , and undernutrition has been linked to increased 245 cardiovascular risk 37 . 246
Much as growth during development has been correlated with later blood pressure, it has 247 also been found to predict an increased risk of overweight and obesity. We found increased weight 248 at birth and rate of weight gain in early and late infancy to associate with decreased adolescent 249 waist circumference, a measure of central adiposity and cardiovascular risk 38 . Birth length and 250 growth in length in infancy were not associated with the degree of central adiposity in adolescence. 251
These findings indicate that in this population, of generally undernourished children, rapid weight 252 gain during infancy may help decrease the risk for central adiposity in adolescence, possibly by 253 preventing compensatory weight gain later in childhood when the effects on cardiovascular risk are 254 greater. This is consistent with findings in Brazil, in which rapid growth during infancy in males 255 was associated with increased adolescent lean mass, while rapid growth in childhood was 256 associated with fat mass 39 . This appears to indicate that increased growth rates early in development 257 have a protective effect on adult cardiovascular risk factors such as stunting 30 , obesity 39 and 258 hypertension 10 . 259
Our study has a number of strengths. While other studies looking at the developmental 260 origins of disease relied, at most, on yearly anthropometric measurements, frequent serial 261 measurement of our cohort afforded us enough power to find effects of early growth on systolic 262 blood pressure. The use of short interval serial measurements early in life and a relatively novel 263 methodology offered an accurate characterization of growth early in development. This 264 characterization of growth benefited uniquely from the longitudinal diarrheal data, which was 265 incorporated in our modeling to account for growth variations due to infection. Thus, our workprovides further advancements on the relationships of early life exposures to adolescent outcomes 267 in countries with a high burden of childhood chronic under nutrition. 268
We also considered various potential limitations to our analysis. First, we did not directly 269 measure birth weight or length, however there was a mean age of entry into the study of 14 days, 270 with many individuals entering in the first days of life. Second, our estimations were adjusted for 271 maternal education and overcrowding as proxies of long-term and current SES respectively. We 272 considered that since the time of the initial study, maternal education was unlikely to have changed 273 and thus a good proxy of SES at baseline 40 . To account for socioeconomic variation over time, 274 since the community was settled, we used number of people per room, a measure of SES at follow-275 up. Despite this approach, we did not, however, addressed socioeconomic change over time and this 276 may have introduced some bias. As described earlier, most of the community setting progressed to 277 meet basic needs by the time of follow-up, yet in general this area remains a resource-deprived area 278 compared to Lima indicators 41 . Third, we did not include breastfeeding as an explanatory variable 279 in our model; however, since both type and duration of breastfeeding are strongly associated with 280 growth patterns in early childhood 42, 43 , breastfeeding is likely in the causal pathway of the 281 relationship growth trajectories in early childhood and blood pressure in later life. Hence, we opted 282 not to include breastfeeding in our analysis. Moreover, a large, long-term follow-up of 13,879 283 mother-infant pairs who were randomized to receive a breastfeeding promotion intervention vs. 284 usual care did not prevent overweight or obesity, nor did it affect IGF-I levels at 11.5 years of age 44 . 285
Finally, our sample size did not enable sex stratification that could disentangle potential differences 286 as with Filipino adolescents 10 . 287
As has been described by Lucas and colleagues 45 , the inclusion of current size in the 288 regression model is an adjustment for growth between the time of exposure and time of follow-up.
for WLZ at birth to shift sign from positive to negative 45 . This positive to negative shift indicates 291 that, holding childhood growth constant, increased weight growth in the first 30 months of life may 292 have a protective effect on adolescent blood pressure levels. 293
In low-and middle-income countries undergoing rapid economic development there is an 294 increased risk of concurrent stunting and overweight, due to infectious disease associated growth 295 retardation early in development 46 followed by overnutrition in adolescence and adulthood 47 . Rapid 296 compensatory growth in underweight children has been posited to increase the risk of long-term 297 cardiovascular morbidities such that nutritional intervention may do more harm than good 18 . 298
However, we found increased weight growth during infancy and early childhood to predict 299 decreases in adolescent systolic blood pressure and central adiposity. The impact of such findings at 300 the population level, as indicated by the magnitude of the change in systolic blood pressure 301 observed in this study, aligns with significant decreases in vascular mortality in the future 34 . Thus, 302 in addition to the known short term 48 and long term 49, 50 benefits of increased growth in 303 underweight children, increased weight growth early in development may also decrease rates of risk 304 factors for cardiovascular disease and its associated health outcomes. 305
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Age of entry into study (days), mean ± SD 13.4 ± 14.4 14.6 ± 15.2 11.9 ± 13.4 0.01
Follow-up time (months), mean ± SD 24.7 ± 5.7 23.7 ± 6.4 26.1 ± 4.5 0.033
Birth weight for length z-score (WLZ), mean ± SD 0.79 ± 1.0 0.58 ± 1.0 1.1 ± 1.0 0.066
Birth length for age z-score (LAZ), mean ± SD -0.14 ± 0.9 -0.21 ± 0.9 -0.05 ± 1.0 0.313
Stunted from 0-30 months (LAZ<-2 SD), % 46.9 ± 0.5 51.9 ± 0.5 40.9 ± 0.5 0.189
Overweight from 0-30 months (WLZ>2 SD), % 57.2 ± 0.5 53.7 ± 0.5 61.5 ± 0. 
